The purposes of this paper are twofold: to develop a rigorous approach to analyze the threshold behaviors of nonlinear virus dynamics models with impulsive drug effects and to examine the feasibility of virus clearance following the Manuals of National AIDS Free Antiviral Treatment in China. An impulsive system of differential equations is developed to describe the within-host virus dynamics of both wild-type and drug-resistant strains when a combination of antiretroviral drugs is used to induce instantaneous drug effects at a sequence of dosing times equally spaced while drug concentrations decay exponentially after the dosing time. Threshold parameters are derived using the basic reproduction number of periodic epidemic models, and are used to depict virus clearance/persistence scenarios using the theory of asymptotic periodic systems and the persistence theory of discrete dynamical systems. Numerical simulations using model systems parametrized in terms of the antiretroviral therapy recommended in the aforementioned Manuals illustrate the theoretical threshold virus dynamics, and examine conditions under which the impulsive antiretroviral therapy leads to treatment success. In particular, our results show that only the drug-resistant strain can dominate (the first-line treatment program guided by the Manuals) or both strains may be rapidly eliminated (the second-line treatment program), thus the work indicates the importance of implementing the second-line treatment program as soon as possible.
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Introduction
Current antiretroviral HIV/AIDS therapy involves the simultaneous administration of two or more antiviral drugs, typically chosen from two major classes: reverse transcriptase inhibitors (RTIs) and protease inhibitors (PIs) (Smith and Wahl 2005; Wahl and Nowak 2000) . RTIs block the translation of viral RNA into DNA for incorporation into the host genome, thus preventing the infection of new cells. In contrast, PIs interfere with essential steps of protein cleavage in new virions, thus preventing infected cells from producing infectious viral particles (Janeway et al. 2001) .
The Manuals of National AIDS Free Antiviral Treatment in China (http:// www.chinaids.org.cn/n16/n1657/n32880.files/n32881.pdf) recommends the treatment should be based on antiviral drugs currently available in the country. The firstline treatment program includes three antiviral drugs: two kinds of Nucleoside reverse transcriptase inhibitors (NRTIs) and one Non-nucleoside reverse transcriptase inhibitors (NNRTs). Protease inhibitors, just in the beginning stages of production, are not expected to be put into widespread use and are expected to be incorporated into the second-line treatment program only after the appearance of drug resistance to the first-line drugs (http://www.chinaids.org.cn/n16/n1657/n32880.files/n32881.pdf). It is important to develop appropriate mathematical models to evaluate if therapies under either the first-line or the second-line program can lead to treatment success.
One challenge for such an evaluation arises due to the emergence of drug resistance. As a result of high mutation and replication rates as well as the host selection pressures, human immuno-deficiency virus type-1 (HIV-1) diversifies during the course of infection (Fisher et al. 1988) . Strains that are resistant to one or several antiviral drugs have increased in frequency and patients can become infected with resistant virus, contributing to ineffective antiretroviral therapies. Insights into HIV dynamics in vivo have been obtained from mathematical modeling (see e.g., Nowak and May 2000; Perelson and Nelson 1999). Competition models have been formulated in the context of the dynamics of virus-host interactions over the last two decades (Berry and Nowak 1994; Frost and McLean 1994; Korthals Altes and Jansen 2000; McLean and Nowak 1992; Rong et al. 2007; Smith and Wahl 2004, 2005; Wahl and Nowak 2000) . These models have embedded the knowledge on the possible dynamics of HIV-1 infection into relatively complex systems of non-linear differential equations, and have been successfully used to investigate the implications of different hypotheses for HIV dynamics through numerical simulations and some analytic studies. Relevant to our study here are the works (Smith and Wahl 2004, 2005) , where impulsive differential equations are used to model the temporal evolution of drug concentrations during HIV-1 therapy using both RTIs and PIs. These works classify different regimes under the assumption of negligible, intermediate or high drug efficacy, and conclude that decreasing the interval between doses is more effective than increasing the dose
